Weed management is a challenging task in sustainable rice production. Physical and cultural methods of weed control are laborious and expensive, whereas chemical control is cheaper and less time consuming despite of some detrimental effect on environment with its inappropriate application. Considering these points, an investigation was conducted during July-December 2015 to find out appropriate weed management practices for inbred and hybrid rice. The experiment comprised of four rice varieties (two inbred; BRRI dhan49 and Binadhan-7, and two hybrids; Dhani gold and Agrodhan-12); and eight herbicidal weed control treatments (season-long weedy or weed free, Pretilachlor fb Penoxsolum or 2,4-D dimethyl amine, Pendimethalin fb Penoxsolum or 2,4-D dimethyl amine, Pretilachlor or Pendimethalin fb one-time hand weeding). Eleven weed species belonging to five families were observed in the experimental plots. The highest weed density and dry weight were found in season-long weedy treatment and the lowest one was found in Pretilachlor fb one-time hand weeding. The highest above ground crop biomass (9.7 t ha -1 ) and harvest index (46.3%) were obtained from the hybrid variety Agrodhan-12 and the lowest biomass (8.3 t ha -1 ) was obtained from the inbred variety Binadhan-7. Season long weed free condition resulted the highest above ground crop biomass (10.9 t ha -1 ), harvest index (48.7%), highest yield increase over control (213.8), weed control efficiency (100%) and gross return (BDT 141480 ha -1 ) and the lowest values for all those parameters were obtained from season-long weedy treatment. Season-long weed free treatment combined with Pretilachlor or Pendimethalin fb onetime hand weeding showed the best performance in reducing weed density and increasing above ground crop biomass, but gross return was higher because of high labor wages in these treatments. The highest BCR (2.5) was observed in Pretilachlor fb Penoxsolum. Therefore, from economic view point Pretilachlor fb Penoxsolum is the best combination. But from sustainability view point Pretilachlor or Pendimethalin along with one-time hand weeding may be recommended for effective weed management in inbred and hybrid rice during monsoon season.
Introduction
Agronomic management practice like, variety, fertilizer management, planting methods, sowing time, seed rate etc. are responsible for increased rice production. Among them, selection variety concerning the regional condition of the cultivated area and appropriate weed management are the most important features for maximizing rice yield. The research organizations of those countries are carrying out researches and successfully releasing high yielding inbred and hybrid rice varieties suitable for different growing seasons. Moreover, the new seed policy of many developing countries encouraged the participation of private sector in market. And, the government is supporting the private sector to acquire seeds from abroad as the developing countries lack the system to produce seeds in a sustainable way (Husain et al., 2001) . Currently, it is believed that high yielding inbred varieties developed through conventional breeding have reached in yield plateau. Hybrid rice cultivars have a 15-30% yield advantage over modern inbred rice varieties, therefore, hybrid rice technology is considered as the key approach for increasing global rice production (Walker et al., 2008; Chauhan et al., 2011; Haque et al., 2015) . It is also reported that even in weedy conditions, the yield of hybrid cultivars is high .
Weeds are considered as major limiting factor for crop production as it produced the highest potential loss (34%) compare to animal pests (18%) and pathogens (16%) (Oerke, 2006) . In rice, the average yield losses due to weed competition are estimated to vary between 40 -60% which may go up to 94 -96% in season long weedy condition (Chauhan and Johnson, 2011) . In addition, season long weedy condition reduced crop yield by up to 57% in paddy rice and 82% in direct seeded rice (Mahajan et al., 2009 ). However, yield loss owing to weed infestation is high and varying from country to country (Rodenburg and Demont, 2009) , and in China, the loss was estimated to 10 million tons (5% of total) (Zhang, 2003) . Whereas, in India and Sri Lanka, about 30-40% rice yield losses are caused by weeds (Abeysekera, 2001; Mukherjee, 2004) . On the other hand, weeds reduce the grain yield by 68-100% in direct seeded early summer rice, 16-48% in transplanted late summer (monsoon) rice, and 22-36% in irrigated winter rice in Bangladesh (Mamun, 1990; Rashid et al., 2007) and is a major problem. The prevailing climate and edaphic conditions of those countries are highly favorable for luxuriant growth of numerous species of weeds. Manual weeding is common in Asian countries. Manual weeding is practiced once or twice depending on the quantity of weeds.
Controlling the weeds is costly in a sense, the labor charges are higher than profits from rice cultivation Chauhan and Opeña, 2013) , and labour crisis for weed control at the peak period makes it difficult to control weeds timely. This puts more emphasis on use of herbicides for effective weed management. This scenario is especially true in small farm holder countries, where farmers are resorting to chemical weed control in an attempt to sustain crop production for ensuring food security. Consequently, in recent years, China, India, and Bangladesh have become hotbeds of herbicide use (Gianessi, 2013; 2013a) . However, use of same herbicide for a continuous period will cause herbicide resistant weed biotypes and shifts in weed flora (Johnson and Mortimer, 2008; Chauhan, 2012; Chauhan and Opeña, 2013) . Moreover, for the sustainability point of view integration of herbicide with other weed management strategies is needed (Azmi et al., 2005; Chauhan and Johnson, 2011) . The choice of a cultivars (inbred or hybrids) may play a vital role in this area as inbred and hybrids may differ in their weed suppressive ability (Mortensen et al., 1998; .
The ability of an herbicide to produce a desired effect on the target pest determines its efficacy. However, suitability of an herbicide is not only decided by its efficacy alone, costeffectiveness also has to be taken into consideration in choosing an herbicide (Wibawa et al., 2010) . Besides, application time and proper management of herbicide are also important to take into account before arriving at a decision of selecting herbicide. Therefore, present study was undertaken to assess the weed control efficacy and economics of different herbicidal weed control treatments in different monsoon rice varieties.
Materials and methods Experimental site and soil
The experimental site is located at 24°75' N latitude and 90°50' E longitude at an elevation of 18 m above the mean sea level. The experimental area was characterized by noncalcareous dark grey floodplain soil belonging to the Sonatola Soil Series under the Old Brahmaputra Floodplain, Agro-Ecological Zone 9 of Bangladesh (FAO and UNDP, 1988; Islam et al., 2011) . The soil of the experimental field was more or less neutral in reaction with pH value 6.8, low in organic matter content (1.96%) and bulk density (1.35 g cm -3 ). The land type was medium high with silty-loam in texture (20% sand, 67% silt and 13% clay). Soil contained 0.11% total N, 50.40 ppm available P, 7.36 ppm available S, 0.16 me % exchangeable K.
The climate of the locality is tropical in nature and is characterized by high temperature and heavy rainfall during kharif season (April-September) and scanty of rainfall associated with moderately low temperature during rabi season (OctoberMarch). During the growing season (JulyDecember, 2015) , monthly average maximum temperature, minimum temperature, relative humidity, air pressure, wind speed, solar radiation, dew point, pan evaporation and water temperature were 25. 2-32.5 °C, 13.3-26.6 °C, 82.2-87.7%, 998.5-1013.8 mb, 2.33-8 .72 km h -1 , 269-273 W m -2 ,14.9-26.3 °C, 1.6-3.9 mm and 17.5-28.6°C, respectively, while monthly total rainfall and sunshine hours were 0-387.9 mm and 84.4-205.9 h, respectively. The soil temperature at a depth of 5, 10, 20 and 30 cm were 27. 5-31.3, 21.4-31.7, 21.9-31.3 and 21.0-29.5°C, respectively.
Experimental treatments and design
The experiment included two factors. Factor A comprising four rice varieties of which two were inbred types (BRRI dhan49 and Binadhan-7) and two were hybrids (Dhani gold and Agrodhan-12). Factor B comprising six different combinations of herbicides, season-long weed-free check and season-long weedy check (Table 1) . A brief description of the herbicides used in this experiment is presented in Table 2 . The application rates of different herbicides were followed as per manufacturers'
recommendations. All herbicides were applied using 500 L water per hectare with a 2L hand sprayer. Season long weed free plots were maintained through manual weeding. No weeds were allowed to grow in these plots. In weedy checks, no hand weeding or herbicides were used and weeds were allowed to grow till harvest without any disturbance. The experiment was conducted in a randomized complete block design with three replicates. 
Plant materials
The varieties used in the experiment were two inbred namely BRRI dhan49 and Binadhan-7 and two hybrids; Dhani gold and Agrodhan-12. BRRI dhan49 was developed by the Bangladesh Rice Research Institute (BRRI) in 2008. It attains a plant height of 100 cm and gives a grain yield of 5.0-5.5 t ha -1 . Binadhan-7 is a short duration high yielding variety with good quality of rice released in 2007 by Bangladesh Institute of Nuclear Agriculture (BINA). The yield ranges between 5.5 to 6.0 t ha -1 . Plant height ranges from 95-115 cm. Dhani gold is a hybrid rice variety marketed by Bayer Crop Science Ltd. Agrodhan-12 is a hybrid rice variety marketed by Petrochem Agro Industries Ltd. The plant height is 100-110 cm. The yield ranges between 6.0 to 6.5 t ha -1 .
Crop husbandry
The experiment was set up in puddled conditions on 28 July 2015 where rice varieties were fertilized with the recommended dose of fertilizers. Urea was top dressed in three equal splits at 15, 30 and 45 days after transplanting (DAT). In addition, hybrid varieties were top dressed with 10 kg ha -1 zinc sulphate at 15 DAT. Seedlings were uprooted carefully from the bed and transplanted in the plots according to the layout at the rate of 3 seedlings hill -1 maintaining 25 cm × 15 cm spacing. Rice was grown as a rainfed crop since rainfall was sufficient. Intercultural operations e.g. gap filling, and drainage were done as per requirement. As there were no remarkable infestation of disease and insect, hence no plant protection measure was taken.
Data collection and statistical analysis
Weed species grown in the experimental field were identified and weed density and dry weight were measured at harvest. Dominant weed species were identified using the summed dominance ratio (SDR) which was calculated as per Janiya and Moody (1989) .
Weed control efficiency (on the basis of weed dry weight) was calculated using the following formula developed by Sawant and Jadhav (1995) .
WCE= ×100
Where, WCE= Weed control efficiency, DWC= Dry weight of weed in weedy check, DWT= Dry weight of weed in treated plot.
Rice grain and straw yield were recorded after harvesting the whole plot. The total above ground crop biomass at harvest was calculated by combining the grain and straw yield in oven dry basis. Relative yield loss (RYL) and yield increase over control (YOC) were calculated using the following formula:
The cost of individual head of expenditure was recorded and partial budget analysis was done. Analysis of variance was done with the help of computer package MSTAT-C. The mean differences among the treatments were performed by Duncan's Multiple Range Test (Gomez and Gomez, 1984) .
Results

Floristic composition of weeds in the experimental field
The weed species found in the weedy plots of the experimental field are shown in Table 3 . Eleven weed species comprising four grasses, four sedges and three broad leaves were identified in weedy plots by grouping weeds according to their methods of reproduction. Results showed that grass weeds constituted about 38% of total density and 53% of the total dry weight, followed by sedges (43% and 32% density and total dry weight, respectively) and broadleaves (19% and 15%, respectively) ( Figure  1 ). Based on the summed dominance ratio (SDR) values, grass weed species Echinochloa crusgalli (SDR of 30.66) was the predominant species in the experimental plot followed by sedge weed species Scirpus juncoides (SDR of 25.79) and broadleaf weed Monochoria vaginalis (SDR of 14.24) ( Table 3) . On the other hand, the least dominant weeds species of the experimental plot was sedge weed Fimbristylis miliaceae (SDR of 0.21) followed by broadleaf weed species Marsilea quadrifolia (SDR of 0.61) ( Table 3 ). 
Weed density
Rice variety, various weed control treatments and their interaction had significant effect on weed density at different crop growth stages (Figure 2, Table 4 and  Table 5 ). It was observed that weed density (no. m -2 ) gradually decreased in advancement of time. Inbred rice BRRI dhan49 allowed highest number of weeds per square meter at any growth stages compared to other varieties, whereas Agrodhan-12 was most competitive and resulted in lowest weed density (Figure 2 ). At heading stage, hybrid rice varieties (Dhani gold and Agrodhan-12) allowed fewer weeds per square meter than the inbred rice varieties (BRRI dhan49 and Binadhan-7). The weedy plots showed highest number of weeds at all sampling dates. At heading stage, the highest weed density (44.0 m -2 ) was found in weedy plots, and the lowest density (10.1 m -2 ) was found in the Pretilachlor fb one-time hand weeded plots (Table 4) . At early tillering stage, the highest number of weeds was observed in the season-long weedy plots of inbred rice varieties (BRRI dhan49 and Binadhan-7) followed by hybrids (Dhani gold and Agrodhan-12) ( Table  5) . Among the treatments, the lowest number (14.0m -2 ) of weeds was observed when Pendimethalin fb Penoxsolum was applied in Agrodhan-12. At heading stage, the highest weed density was found in the weedy plot of both inbred (BRRI dhan49 and Binadhan-7) and hybrid rice (Dhani gold and Agrodhan-12) varieties, whereas the lowest density (7.7 m -2 ) was observed in Pretilachlor fb one-time hand weeded plots of Binadhan-7 and Agrodhan-12 (Table 5) . 
Weed dry weight
Weed dry weight was significantly influenced by rice variety, various weed control treatments and their interaction at different crop growth stages (Figure 2 , Table 4 and  Table 5 ). Like weed density, weed dry weight (g m -2 ) also gradually decreased in advancement of time. Inbred rice Binadhan-7 allowed highest weed dry weight per square meter at any sampling, whereas hybrid rice Agrodhan-12 yielded the lowest one (Figure 2) . At heading stage, BRRI dhan49 and Agrodhan-12 allowed less weed dry weight per square meter than Binadhan-7 and Dhani gold. On the other hand, at the same stage the highest weed dry weight (37.9 g m -2 ) was found in weedy plots, and the lowest dry weight (8.8 g m -2 ) was found in Pretilachlor fb one-time hand weeded plots (Table 4) .
Considering the interaction of variety and weed control measurement the weedy plot of Agrodhan-12 had the highest weed dry weight per square meter at any growth stage followed by inbred Binadhan-7. At early tillering stage, the lowest weed dry weight (g m -2 ) was found in Pendimethalin or Pretilachlor fb one-time hand weeded plots of hybrid Dhani gold. However, the value was statistically identical with Pretilachlor fb one-time hand weeded plots of BRRI dhan49 (Table 5) . At heading stage, the lowest weed dry weight (g m -2 ) was found in both Pretilachlor fb one-time hand weeded plots of inbred BRRI dhan49 and Pendimethalin fb one-time hand weeded plots of hybrid Agrodhan-12 (Table 5) .
Relationship of weed density and dry weight with above ground crop biomass
Experimental results revealed that above ground crop biomass (t ha -1 ) of rice showed negative relationship with weed density at all sampling dates (Figure 3 ). This means a decrease in weed density will result in the corresponding increase in the biomass of both inbred and hybrid rice. Lowest total biomass (5.9 and 5.0 t ha -1 at heading and harvest, respectively) were observed when weed density was highest at heading.
Total above ground biomass of rice also showed negative correlation with weed dry weight (Figure 4) , which confirms that decrease in weed dry weight will result in the corresponding increase in the total biomass of inbred and hybrid rice. The lowest total biomass (5.9 and 5.0 t ha -1 at heading and harvest, respectively) was observed when weed dry weight was highest at all growth stages. 
Weed control efficiency
The weed control efficiency based on the weed dry matter at harvest varied significantly among the herbicide treatments (Table 6) . Among the herbicide treatments, application of Pretilachlor at early growth stage followed by one-time hand weeding at mid growth stage provided the highest weed control efficiency (74.4%). Application of Pendimethalin at early growth stage followed by one-time hand weeding at mid growth stage performed very close (72.6%) to the above mentioned treatments. The lowest weed control efficiency (61.2%) was found in the treatment Pendimethalin fb 2,4-D dimethyl amine. Therefore, application of Pretilachlor or Pendimethalin just after transplanting followed by one hand weeding at mid growth stage provide satisfactory in terms of efficacy.
According to the scale of degrees of weed susceptibility based on weed control efficiency as stated by Mian and Gaffer (1968) , weeds were found moderately susceptible to pre-fb post-emergence herbicide treatments. On the other hand, weeds were highly susceptible to the application of Pretilachlor or Pendimethalin just after transplanting followed by one hand weeding at mid growth stage. So, any of those treatments will give better control over weeds than other treatments (except weed-free treatment).
Above ground crop biomass
Total above ground biomass of rice was significantly influenced by rice variety, weed control treatments and their interactions ( Figure 5 , Figure 6 and Table 7 ). At harvest, the highest biomass (9.7 t ha -1 ) was obtained from the hybrid Agrodhan-12 and the lowest one (8.3 t ha -1 ) was obtained from the inbred variety Binadhan-7 ( Figure 5 ). Among the weed control treatments season-long weed free plots produced the highest biomass (10.9 t ha -1 ) at harvest followed by Pretilachlor fb onetime hand weeded plots ( Figure 6 ). Whereas, the lowest biomass (5.1 t ha -1 ) was found from the season-long weedy treatment. Considering the interaction of variety and weed control treatments, season-long weed free plots of hybrid rice Agrodhan-12 resulted in the highest biomass (11.8 t ha -1 ) which was statistically similar with BRRI dhan49 under same weed management (Table 7) . The season-long weedy plots resulted in lowest biomass irrespective of rice varieties.
Harvest index
Harvest index was significantly influenced by rice variety, weed control treatments and their interactions ( Figure 7 and Table 7 ). The highest harvest index (46.3%) was obtained from the variety of Agrodhan-12 which was statistically similar with that (46.1%) of Dhani gold. The lowest harvest index (41.9 %) was obtained from the variety of BRRI dhan49 followed by Binadhan-7 (Figure 7 ). On the other hand, season-long weed free treatment produced highest harvest index (48.7%) and lowest one (32.9%) was observed from season-long weedy plots (Figure 7 ). In case of interaction effects, highest harvest index (50.5%) was found in hybrid Agrodhan-12 with season-long weed-free conditions which was statistically identical with hybrid Dhani gold at the same condition, and in both hybrids when Pretilachlor fb Penoxsolum or Pretilachlor fb one-time hand weeding was performed (Table 7) . The lowest harvest index (28.0%) was recorded with BRRI dhan49 grown in season-long weedy condition. Mian and Gaffer (1968) . 
Relative yield loss
Weed-inflicted relative yield loss (RYL) varied widely (0-68.1%) among the treatments (Table 6 ). In season-long weedy check, RYL was very high (68.1%). Among the weed control treatments, Pretilachlor fb one-time hand weeding allowed the least yield penalty (8.9%) followed by Pendimethalin fb one-time hand weeded plots (14.2%). On the other hand, Pendimethalin fb 2,4-D dimethyl amine allowed the maximum RYL (27.6%) followed by Pretilachlor fb 2,4-D dimethyl amine (25.4%).
Yield increase over Control
Yield increase over control (YOC) varied due to herbicide treatments (Table 6 ). The highest YOC (213.8%) was obtained from season-long weed free treatment. Among herbicide treatments, the maximum YOC (185.7%) was achieved through the application of Pretilachlor fb one-time hand weeding followed by Pendimethalin fb one-time hand weeding (169.4%) and Pretilachlor fb Penoxsolum (166.8%). The lowest YOC (127.0%) was recorded with Pretilachlor fb 2,4-D dimethyl amine.
Economics of different weed control treatments
The economic analysis of weed control treatments under study is worked out in the Table 8 to evaluate the most economic weed control treatment for rice cultivation in the existing situation. Partial budget analysis shows that, the highest gross return (BDT 141480 ha -1 ) was obtained from the seasonlong weed free treatment and the lowest one (BDT 54327 ha -1 ) was calculated from seasonlong weedy treatment. The highest net income (BDT 74502 ha -1 ) and benefit-cost ratio (2.5) was obtained from the treatment Pretilachlor fb Penoxsolum. The lowest net income (BDT 7812 ha -1 ) was found from the season-long weedy plots. Except weed management cost all other variable cost were kept constant.
Herbicide application cost: 2 laborers-1 ha-1 @ 260 BDT day-1
Market price of commercial herbicide: Pendimethalin @ 2.5 L ha-1 (70 BDT 100 mL-1), Pretilachlor @ 1 L ha-1 (90 BDT 100 mL-1), Penoxsolum @ 93.70 mL ha-1 (468 BDT 100 mL-1), 2,4-D dimethyl amine @ 2.24 L ha-1 (70 BDT 100 mL-1). Other details are same as Table 3. BDT = Bangladeshi taka (1 USD = 80 BDT Approx.)
Discussion
Weeds are the integral part of rice field ecosystem and normally coevolved with rice plant species, and causes severe yield damage. Prolific seed producer, long-term seed dormancy, rapid growth behavior, short seed to seed life duration and ability to grow in disturbed lands are the well-known attributes of weeds, which help them to suppress crop growth. On the other hand, the cultivars that acquire higher initial growth and develop faster canopy, establish themselves rapidly in the composite culture of a crop weed ecosystem and will be less affected by weed competition. In this experiment, inbred rice cultivars allowed highest number of weeds and higher weed dry weight per unit area at any growth stages compare to hybrids. This could be due to higher competitiveness of hybrids against weeds, development of fast and early canopy coverage with higher leaf area index values; higher root growth and crop dry weight (data not shown here). The competitive ability of crops against weeds mainly determine by higher plant height and dry matter accumulation, early canopy closure, enhanced leaf area leading to more light interception and shading over understory plant species, increased nutrient uptake, proliferate root growth, and allelopathic effects (Pavlychenko and Harrington, 1934; Balyan et al., 1991; Cousens et al., 1991; Cudney et al., 1991; Anwar et al., 2010; Bajwa et al., 2017) . Early-ripening of improved rice cultivars and hybrids have the ability to acquire larger canopy coverage within a short period of time and can suppress the weed growth to a greater magnitude over traditional, open-pollinated, long-duration cultivars (Zhao, 2006; ICAR, 2007; Sardana et al., 2017; . The significant genotypic differences for weedcompetitive abilities of rice, cultivated under moderately weedy and completely weed-free environments have also been documented (Anwar et al., 2010; Mahajan et al., 2014) . Due the higher weed suppressive ability, hybrid rice yielded 15-25% more over inbred cultivars (Walker et al., 2008; Dass et al., 2017) . Therefore, through selection of weed competitive cultivars, the weed emergence and its subsequent growth can be suppressed and at the same time reduce the cost of weed management Gibson et al., 2002; 2003; Zhao et al., 2006; Rao et al., 2007; Mahajan and Chauhan, 2011; Anwar et al., 2013; Dass et al., 2017) . Whereas, Lemerle et al. (1996) and reported a higher weed control in combination system of herbicides with crop species or genotypes of superior competitiveness.
In this experiment season long weed free condition resulted the highest total crop biomass (10.9 t ha -1 ), harvest index (48.7%), highest yield increase over control (213.8), weed control efficiency (100%), gross return (BDT 141480 ha -1 ) and lowest relative yield loss (0.0%). Similar types of findings were also reported by many other researchers around the world (Anwar et al., 2012; Jaya Suria et al., 2013) . But in the farmers' fields, it is quite impossible to practice season long weed free condition, as it is most laborious and costly method. On the other hand, traditional method of weed control (2-3 weedings) also become difficult now a days because of labor crisis at the peak period, which results in drastic yield loss due to delaying in weeding (Hasanuzzaman et al., 2009 , Rashid et al., 2012 . Moreover, mimic nature of grassy weeds like Echinochloa crusgalli to rice seedlings (Rao and Moody, 1988) , increase difficulty of manual weeding. To overcome this problem, herbicidal weed control has been widely used to manage weeds in some Asian rice-growing countries for example, Philippines (Casimero et al., 1994; Johnson et al., 2010) , Malaysia (Karim et al., 2004) and Vietnam (Luat, 2000) . It has been widely accepted by researchers that herbicides have the potential to reduce labour inputs (Ahmed et al., 2001) . In this situation, the use of herbicides in Bangladesh has seen almost a 78-fold increase in the last three decades; from 52 metric tons (MT) kilolitre -1 (kL) in 1984 to 4051 MT kL -1 in 2015 (BBS, 2015) . The major herbicides registered in rice include 2, 4-D, oxadiazon, oxadiargyl, anilofos, butachlor, cinmethylin, carfentrazone-ethyl, pretilachlor, pyrazosulfuron-ethyl, MCPA-500, ethoxysulfuron, triosulfuron + dicamba, pendimethalin, metribuzin, bensulfuron methyl + mefenacet, orthosulfamuron, triasulfuron, bensulfuron methyl + acetochlor, ethoxysulfuron + iodosulfuron methyl, oryzalin, ethoxysulfuron + anilofos, bensulfuron methyl + pretilachlor, butachlor + propanil, and penoxsulam (DAE, 2015) . Although this looks like an impressive array of herbicides, these represent only 8 modes of action according to the WSSA herbicide classification system (WSSA, 2015) . Furthermore, most of these herbicides are sulfonylureas that inhibit the acetolcatate synthase enzyme; globally this chemical group has the greatest number of reported cases of herbicide-resistant weeds (Heap, 2017) . Over and indiscriminate use of these herbicides can also result in several adverse effects on the environment (Kortekam, 2011) . As the chemical era of weed management has started in Bangladesh, interventions can be made by comparing alternative methods or judicious use of herbicides and by providing an educational program on herbicide use, safety, and consequences.
Besides season long weed free condition, application of pre-emergence herbicide; Pretilachlor at early growth stage followed by one-time hand weeding at the mid-growth stage resulted the lowest weed density (10.1 m -2 ), weed dry weight (8.8 g m -2 ) and least yield penalty (8.9%), and highest total above ground biomass (10.2 t ha -1 ), harvest index (47.4%), yield increase over control (185.7%), weed control efficiency (74.4%). Another preemergence herbicide, Pendimethalin fb one hand weeding also resulted very close result as like Pretilachlor fb one hand weeding. However, it was evident from present study that Pretilachlor fb Penoxsolum was the most profitable treatment because of the highest net income (BDT 74502 ha -1 ) and BCR (2.5). Although the maximum gross return was obtained from weed-free treatment, due to high cost involvement (BDT 85517 ha -1 ) in manual weeding, the net benefit (BDT 55963 ha -1 ) and BCR was low (1.7). The study revealed that despite high weed control efficiency, manual weeding is not cost-effective, whilst chemical weed controls are highly efficient and economic as well. Though Pretilachlor fb Penoxsolum or Pendimethalin fb Penoxsolum are cost-effective for weed management compared to Pretilachlor or Pendimethalin fb one hand weeding, the latter options are the best in terms of sustainability point of view. Because in the latter options we can at least reduce some amount of herbicide. Moreover, pre-emergence herbicide fb one hand weeding efficiently control weeds and provide higher crop biomass. It has been reported that herbicide combinations or herbicide plus hand weeding provided excellent control of weeds than the single application of herbicides (Sangeetha et al., 2011; Anwar et al., 2012a; Ahmed and Chauhan, 2014; Singh et al., 2008; Shahabuddin et al., 2016) .
Conclusion
Weed management is a difficult task in rice production. Researchers around the world are searching to find out a weed management option that is less laborious, less time consuming, cost-effective and not harmful for the environment. However, before making the final choice of weed control method, farmers' available resources such as labour, have to be considered first. Present findings show that the application of one pre-emergence herbicide at early growth stages followed by one hand weeding can yielded higher total crop biomass at harvest. Through this practice at least one post emergence herbicide can be replaced by hand weeding without sacrificing yield. Present findings also showed that the cultivars that have rapid canopy coverage ability (hybrid) can suppress the weed more efficiently than slow canopy coverage inbred varieties. Thus based on the findings of the present study it can be recommended that in order to obtain optimum yield, rice growers can use either pre fb post herbicide or pre emergence herbicide fb one hand weeding to effectively control weeds in their monsoon rice. In addition, weed control efficiency can be improved by growing weed competitive rice genotypes especially hybrid verities.
